Antibodies in both mouse and human Rickettsia mooseri (Rickettsia typhi) convalescent serum that were cytophilic for mouse macrophages were demonstrated by the rosette technique. Mouse peritoneal macrophages, passively sensitized with early and late serum from mice with a sublethal infection of R. mooseri, were washed and exposed to rickettsiae. Rosettes of rickettsiae were found around macrophages, maintained at 4°C, which had been sensitized with immune serum (direct sensitization of macrophages), but no rosettes were found around macrophages sensitized with serum from normal mice. When the macrophages were maintained at 34°C after addition of the rickettsiae, phagocytosis of rickettsiae occurred, indicating one probable role for cytophilic antibodies in typhus infections. If the rickettsiae were mixed with serum from infected mice, washed, and then added to macrophages (indirect sensitization of macrophages), more rosettes were found around the macrophages than around directly sensitized macrophages. The presence of mouse immunoglobulin G on the macrophage surface was also shown by staining living sensitized macrophages with rabbit fluorescein-conjugated anti-mouse immuunoglobulin G.
Early in vitro studies involving incubation of tissue explants from typhus-infected animals in the presence of serum from immune animals demonstrated that humoral factors alone did not obliterate the infectivity of these tissue explants for nonimmune animals (8) . Though advanced for their time, these studies did not necessarily assure contact between antibodies and rickettsiae, nor did they control complement content. Moreover, they did not elaborate on the types of cells involved or present quantitative information. Nevertheless, they did raise doubts about the capacity of antibodies alone to account for immunity.
More recently it has been found that typhusimmune serum, with or without complement, has no direct rickettsiacidal action on Rickettsia prowazeki or Rickettsia mooseri (Rickettsia typhi) and does not prevent infection of, and growth in, chicken embryo cells in culture (19) . However, immune serum enhanced the uptake ofR. mooseri by human peripheral blood monocyte-derived macrophages and, although phagocytized R. mooseri grew readily in human monocyte-derived macrophages in vitro in the I Present address: Department of Microbiology, Univer- sity of California, School of Medicine, Davis, CA 95616.
absence of immune serum, antibody-sensitized rickettsiae were rapidly destroyed (5) .
Macrophages bind, possibly by two different classes of receptor sites on the plasma membrane, (i) certain free immunoglobulins or (ii) certain antigen-antibody complexes by the Fc portion of the antibody molecule (3, 4, 12, 15 Rickettsiae. The Wilmington strain of R. mooseri was harvested from infected yolk sacs and partially purified as previously described (5) . The preparation had a mouse toxin mean lethal dose of 1:41 (2) and a particle count of 7.5 % 109 rickettsia-like bodies (RLB) per ml using the method of Silberman and Fiset (14) . The rickettsiae were diluted 1:200 in GM for mouse infection and 1:100 for rosette formation.
Antiserum. (3) . For direct sensitization, macrophages were exposed to HEPES-buffered M-199 containing 30% immune serum for 30 min at 20°C. The macrophages were then washed six times with HEPES-buffered M-199 before addition of rickettsiae. For rosette formation, the cells were maintained at 4°C for 24 h after addition of rickettsiae, washed, air-dried, and stained by the Gim6nez method (6) . For detection of phagocytosis, the cells were incubated at 34°C for 2 h after addition of rickettsiae, washed, air-dried, and stained by the Gimenez method. For indirect sensitization of macrophages, rickettsiae were mixed with immune serum for 30 min at 20°C, centrifuged for 30 min at 12,000 x g, and then resuspended in GM. They were then added to the macrophage cultures and incubated and stained as above.
When examining macrophages that had been incubated with rickettsiae at 4°C, any RLB in apparent contact with or within the visible macrophage cytoplasmic border was counted. When examining macrophages that had been incubated with rickettsiae at 34°C, any RLB within the visible macrophage cytoplasmic border was counted as phagocytized. The data were presented in the following forms: ( In contrast, when mouse peritoneal cells, sensitized with serum taken from mice 7, 14, and 21 days after infection with R. mooseri, were incubated with an R. mooseri suspension at 4°C, the majority of macrophages had multiple rickettsiae associated with them. The highest percentage of cells showing associated rick- (Table 2 ) and are considered to be within the limits of experimental error. However, when a serum sample taken from mice 21 days after R. mooseri infection was tested at 4°C in this system, most of the macrophages were surrounded by large numbers of rickettsiae, much higher than in the direct test with this serum as described above.
At 34°C, rickettsiae incubated with normal mouse serum presented the same dilemma as in the comparable situation in the direct testnamely, a high proportion of macrophages containing an average of one RLB per cell under conditions that do not discriminate between active penetration and phagocytosis. In the presence of immune (21-day) mouse serum, however, the great majority of macrophages bound a large number of rickettsiae. On incubation at 34°C, approximately the same proportion of macrophages appeared to ingest a number of rickettsiae equivalent to the number found associated with the cell surface at 4°C, suggesting a high efficiency of phagocytosis even though the conditions (incubation time) were different in the two types of experiments.
Sensitization with heterologous serum. Since mouse peritoneal macrophages are easier to obtain than human macrophages, it would be of value if mouse macrophages could be used to study some properties of human typhus-immune serum. When tested by either direct or indirect methods at 4°C, human typhus convalescent serum led to rosette formation with R. mooseri ( Table 3) . As with typhus immune mouse serum, the indirect method yielded higher values. Specificity of the reaction was indicated by the low values, again of the order of experimental error, obtained with normal human serum by both methods. The heterologous system was not tested at 34°C for enhanced phagocytosis.
Detection of IgG on macrophage surface with fluorescent antibody. Staining with fluorescein-conjugated rabbit anti-mouse IgG or rabbit anti-human IgG demonstrated a definite ring of fluorescence with capping on mouse peritoneal macrophages that had previously been incubated with normal mouse (Fig. lb) (18) . In this study, it was clearly shown that phagocytosis was markedly enhanced by specific antibody by both the antibody population that attached first to the macrophage membrane (direct method) and by the antibody that attached to the macrophage membrane after combination with the rickettsiae (indirect method).
The indirect method appeared to be more sensitive. This may be due to the fact that more rickettsia-specific antibody was present on the rickettsial surface in this situation than in the case of nonselective attachment of cytophilic antibodies of any specificity in the direct method. However, there were also some technical considerations. Agglutination of rickettsiae may have increased the number of organisms that adhered to the macrophage surface. Nev- Because human macrophages are more difficult to obtain in the laboratory than mouse peritoneal macrophages, it is of interest from a practical viewpoint that human serum contains antibodies that are cytophilic for mouse peritoneal macrophages. It has previously been shown that human myeloma immunoglobulins will adhere to guinea pig peritoneal macrophages (7) . Since it is not clear if the same or different receptor sites on the macrophages bind homologous and heterologous immunoglobulins, it remains to be determined whether the mouse peritoneal macrophages can substitute for human macrophages in the study of human typhus-specific antibodies cytophilic for macrophages.
